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Abstract
We calculate the lifetime of the hypertriton as function of the Λ separation energy BΛ in an effective field
theory with Λ and deuteron degrees of freedom. We also consider the impact of new measurements of the
weak decay parameter of the Λ. While the sensitivity of the total width to BΛ is small, the partial widths
for decays into individual final states and the experimentally measured ratio R = Γ3He/ (Γ3He + Γpd) show
a strong dependence. For the standard value BΛ = (0.13 ± 0.05) MeV, we find R = 0.37 ± 0.09, which is
in good agreement with past experimental studies and theoretical calculations. For the recent STAR value
BΛ = (0.41± 0.12± 0.11) MeV, we obtain R = 0.55± 0.09.
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I. INTRODUCTION
The addition of hyperons to nuclear bound states extends the nuclear chart into a third di-
mension. These so-called hypernuclei offer a unique playground for testing our understanding
low-energy Quantum Chromodynamics in nuclei beyond the u and d quark sector. A particularly
attractive feature of hypernuclei is that hyperons probe the nuclear interior without being affected
by the Pauli principle. There is a vigorous experimental and theoretical program in hypernuclear
physics that dates back as far as the 1950s [1].
Here, we focus on the simplest hypernucleus, the hypertriton. The newest results on the life-
time and binding energy of the hypertriton have created the so-called hypertriton puzzle. The
hypertriton consists of a neutron, a proton, and a Λ particle. Its structure has been studied using
hypernuclear interaction models as well as effective field theories (See, e.g., Refs. [1–6]). Further-
more, first lattice QCD calculations of light hypernuclei have become available for unphysical pion
masses [7].
Since the Λ separation energy of the hypertriton, BΛ, is small compared to the binding energy
of the deuteron, Bd ≈ 2.2 MeV, it can be viewed as a Λd bound state at low resolution. The
most frequently cited value for this separation energy is BΛ = (0.13 ± 0.05) MeV [8], resulting in
a large separation of the Λ from the deuteron of about 10 fm [5]. However, recent results of the
STAR collaboration indicate that BΛ may be a factor three larger [9]. For a discussion of possible
implications of the larger value for other hypernuclei, see Ref. [6].
While the nucleus is stable against a breakup by strong interactions, the Λ is unstable against
weak decay with an energy release of about ∆−Mpi ≈ 38 MeV with ∆ = MΛ−m the baryon mass
difference. An overview of the most relevant thresholds is given in Fig. 1.
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Figure 1. Most relevant thresholds for the hypertriton decay relative to the Λd threshold. All energies are
given in MeV; the figure is not up to scale.
Experimentally, the hypertriton lifetime presents a puzzle. Old emulsion experiments give a very
broad range of values ranging from 100 ps up to 280 ps [15–20]. Newer heavy ion experiments,
tend to lie significantly below the free Λ lifetime of about 260 ps [10–13]. However, recent results
from ALICE yield a lifetime closer to the free Λ value [14]. An overview of experimental results
for the hypertriton lifetime from old emulsion efforts to the newest heavy-ion experiments is given
in Fig. 2.
Theoretical investigations of the hypertriton started at the same time as the first experi-
ments [22, 23]. Because BΛ is small compared to the deuteron binding energy, the decay of a
quasifree Λ particle provides an intuitive picture of the hypertriton decay and one expects that the
lifetime is driven by the free Λ width with small binding corrections. In the 1990s Congleton cal-
culated the mesonic decays of the hypertriton in a Λd picture within the closure approximation [2].
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Figure 2. Compilation of lifetime measurements for the hypertriton. Blue squares show results obtained in
accelerators by different collaborations [10–14]. Earlier results from emulsion experiments are depicted by
black circles [15–20]. The red line is the PDG value for the free Λ lifetime, τΛ, as reference[21].
Assuming a most likely pion momentum, he obtained a lifetime τ3
ΛH
about 10% shorter than the
free Λ lifetime τΛ. This calculation also hinted that the details of the hypertriton wave func-
tion do not seem to be important. Later complete three-body Faddeev calculations using realistic
hyperon-nucleon potentials confirmed this result [24]. Newer approaches combine the assets of both
calculations, finding the impact of pionic final state interactions to be about 6% of ΓΛ [25]. Recently
Pe´rez-Obiol et al. calculated the channel 3ΛH 7→ pi− + 3He based on NCSM wave functions for 3He
and the hypertriton [26]. Using the experimental branching ratio Γ3He/ (Γ3He + Γpd) [16, 18, 20, 27]
and varying BΛ by changing the short-distance cutoff in the NCSM, they found that all recent ex-
perimental measurements of BΛ and τΛ are internally consistent within their uncertainties. The
non-mesonic decays are suppressed compared to the mesonic ones [28, 29].
In this work, we address the hypertriton lifetime puzzle in a pionless effective field theory (EFT)
approach with Λd degrees of freedom. The pionless EFT framework provides a controlled, model-
independent description of weakly-bound nuclei based on an expansion in the ratio of short- and
long-distance scales (see Refs. [30–34] for reviews). Since leptonic decays are strongly suppressed,
we focus on the pi-mesonic decays of the hypertriton into nucleon-deuteron and trinucleon final
states. The choice of Λd degrees of freedom is well motivated by the separation of scales between
BΛ and the deuteron binding energy, as well as explicit three-body calculations in pionless EFT
with Λpn degrees of freedom [3, 5]. Our approach has the advantage that BΛ enters as a free-
parameter in the EFT and can be varied without changing other observables. In particular, we
investigate the properties of the hypertriton decay for Λ separation energies in the range 0 ≤ BΛ ≤ 2
MeV. Furthermore, we investigate the sensitivity to new results for the weak Λ decay parameter
α− [35, 36] correcting the previous value by 15%. This quantity encodes information on the relative
contributions of parity conserving and violating parts of the interaction. Preliminary results of our
work were presented in Ref. [37].
The structure of the paper is as follows. We start with an overview of the formalism and our
procedure to fix the low-energy constants in Sec. II. After that, we discuss the calculation of the two
most prominent channels for mesonic decays, a weak decay of the bound Λ followed by the break
up into a nucleon and a deuteron in Sec. III and a weak decay of the bound Λ with a trinucleon
in the final state in Sec. IV. We follow up with a discussion of our results for the dependence of
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the lifetime on BΛ and α− in Sec. V. We then conclude with a summary and outlook in Sec. VI.
A few calculational details are given in the Appendix.
II. FORMALISM
A. Preliminaries
Since the Λ separation energy of the hypertriton, BΛ ≈ 0.13 MeV, is small compared to the
binding energy of the deuteron, Bd ≈ 2.2 MeV, the hypertriton can to good accuracy be described
as two-body bound state of a deuteron and a Λ particle. The typical momentum scale for the
hypertriton can be estimated from the energy required for breakup into a Λ and a deuteron as
γΛ3 ∼ 2
√(
mB3Λ − γ2d
)
/3 ≈ 0.3γd with γd = 45.68 MeV the deuteron binding momentum and m
the nucleon mass. Taking the deuteron breakup momemtum 1.15γd as the high-energy scale, we
estimate the expansion parameter of our effective field theory as γΛ3 /(1.15γd) ≈ 1/4. The Λd picture
for the low-energy structure of the hypertriton is , e.g., supported by the work of Congleton [2]
and our recent investigation of the hypertriton structure and matter radii [5], where a three-body
framework with pnΛ and a two-body framework with Λd degrees of freedom were compared. Since
the deuteron is stable, the lifetime of the hypertriton is determined by the decay of a quasifree
Λ inside the hypertriton with small binding corrections. As discussed above, some measurements
find the lifetime of the hypertriton to be about 30% shorter than the lifetime of the free Λ. The
pionless EFT description of the hypertriton in the Λd picture provides an appropriate starting
point to resolve this question.
The main decay channels of the hypertriton are driven by the hadronic decay of the Λ:
3
ΛH 7→ pi− + 3He, 3ΛH 7→ pi0 + 3H,
3
ΛH 7→ pi− + d+ p, 3ΛH 7→ pi0 + d+ n,
3
ΛH 7→ pi− + p+ n+ p, 3ΛH 7→ pi0 + p+ n+ n.
(1)
In the first line of Eq. (1), no breakup of the three-body nucleus takes place. Going down from top
to bottom, more and more subsystems are broken up. The deuteron breakup processes have only
a small available phase space and are suppressed compared to the other ones. The corresponding
partial widths are a factor 100 smaller than the other hadronic decay channels [24]. The deuteron
breakup processes are therefore unlikely to resolve the lifetime puzzle. Moreover, the non-mesonic
decay branch of the hypertriton due to the reaction ΛN → NN is small and makes up only 1.5%
of the total decay rate [28, 29]. It is not included in our calculation but experimentally these decay
rates cannot be separated. Finally, note that the charged channels (pi− in the final state) and the
neutral channels (pi0 in the final state) are connected via the empirical ∆I = 12 rule, setting the
ratio of the channels in Eq. (1) line for line approximately equal to 2.
In the following, we describe the hypertriton in leading order pionless EFT with Λd degrees of
freedom. The typical momentum of the deuteron and the Λ in the hypertriton, γΛ3 ≈ 14 MeV, is
small compared to the pion mass and the deuteron binding momentum [5]. The pion in the outgoing
state is included with relativistic kinematics due to the large energy of MΛ −m −Mpi ≈ 0.26Mpi
released at the weak vertex.
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B. Fixing the weak interaction
We use the free Λ decay to fix the weak interaction vertex. The non-leptonic decay matrix
element can be written as [38]
MΛ7→ppi− = i
√
2GFM
2
pi u¯
(
p′
) [
A˜pi + B˜piγ5
]
u (p) , (2)
where A˜pi is the parity violating (PV) amplitude while B˜pi is parity conserving (PC). (Note that
the pion has negative parity.) The factor
√
2 is an isospin factor selecting the ppi− channel. The
respective factor for the npi0 channel is −1. The Fermi constant is taken as GF = 1.1664 ×
10−5GeV−2 [21]. In the following, we will only calculate the width for the charged pion channel
and obtain the width for the corresponding neutral pion channel by applying isospin symmetry
and the ∆I = 12 rule. (See Sec. V for more details.) Due to the small binding momentum of the
hypertriton, it is sufficient to treat the baryons non-relativistically. The non-relativistic reduction
of the decay matrix element is
Wk ≡MreducedΛ 7→ppi− = i
√
2GFM
2
pi
(
Api +
Bpi
MΛ +m
σ · k
)
, (3)
with k the momentum of the pion and σ the usual Pauli spin-matrices (see also Refs. [24, 28]).
Note that we have redefined the amplitudes for the PC (Bpi) and PV (Api) part to absorb some
normalization factors of the matrix element.
It is now straightforward to calculate free width of the Λ, according to the diagram given in
Fig. 3. The Λ is assumed to be at rest, while the momentum of the outgoing pion is denoted k
and the one of the nucleon is p. We obtain:
Figure 3. Vertex for the decay of the free Λ (dashed line) into a nucleon (solid line) and a pion (wiggly line).
The weak decay operator Wk is indicated by the black box.
ΓpΛ =
∫
d3k
(2pi)3
d3p
(2pi)3
1
2ωk
(2pi)4 δ(3) (p+ k) δ
(
∆− ωk − p
2
2m
)
1
2
∑
spins
|Wk|2, (4)
with ωk =
√
Mpi + k2 the relativistic energy of the pion and ∆ = MΛ − m the baryon mass
difference, which is released at the weak vertex Wk. The δ functions fix the momentum of the
outgoing pion to be
k¯ =
√
2
√
−
√
m2 (m2 + 2∆m+M2pi) +m
2 + ∆m. (5)
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The resulting width is then given by
ΓpΛ =
G2FM
4
pi
pi
mk¯
m+ ωk¯
(
A2pi +
(
Bpi
MΛ +m
)2
k¯2
)
. (6)
The associated lifetime 1/ΓΛ = τΛ = (263± 2) ps is experimentally established very well [21]. We
use this observable together with the polarization of the Λ
PΛ =
ApiBpi
MΛ+m
k¯
A2pi +
(
Bpi
MΛ+m
)2
k¯2
=
α−
2
, (7)
which determines the Λ decay parameter α− to fix the weak interaction strength. Up to 2018 the
widely accepted value was α2018− = 0.642±0.013 [21], but new results from the BESIII Collaboration
suggest a significantly higher value αBESIII− = 0.750 ± 0.009 ± 0.004 [35]. Also an independent
estimation from kaon-photo production suggests a value of αKP− = 0.721± 0.006± 0.005 [36] close
to the results of BESIII. The results for the PV and PC amplitudes Api and Bpi as determined by
Eqs. (6), (7) and the experimental Λ lifetime are depicted in Fig. 4. The different experimental
results for α− are marked explicitly.
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Figure 4. Weak Λ-decay amplitudes Api and Bpi determined by Eqs. (6), (7) as a parameter plot of the
Λ-decay parameter in the range −1 ≤ α− ≤ 1. The free Λ lifetime is fixed to the experimental value.
Different experimental results for α− are marked as indicated in the legend.
C. Hypertriton as two-body system
The typical momentum scales of the deuteron and the Λ in the hypertriton are small compared
to the rest masses (see, e.g., Refs. [3, 5]), so they can be treated non-relativistically. Hence single
particle propagators are given by
iSd,Λ,N (p0,p) =
i
p0 − p22Mi + i
, (8)
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with Mi the respective particle masses of the deuteron and the Λ and MN ≡ m the nucleon mass.
+ + + . . .
Figure 5. Diagrams contributing to the hypertriton propagator in the effective field theory with deuteron
(double line) and the Λ (dashed line) degrees of freedom.
The full propagator of the interacting Λd system in the dimer picture (cf. [39]) is depicted in
Fig. 5. Evaluating the geometric series, we obtain the full ”dimer” propagator:
iD3
ΛH
(p0,p) =
2pi
µΛdg2
−i
−γΛd +
√
−2µΛd
(
p0 − p22MΛ+Md + i
) , (9)
which has a pole at the Λ separation energy of the hypertriton, BΛ. The residue of the pole is
the wave function renormalization Z3
ΛH
(BΛ) =
2pi
(µΛdg)2
√
2µΛdBΛ. For convenience, we will use the
reduced wave function renormalization Z¯3
ΛH
= g2Z3
ΛH
, where the coupling constant g has been
divided out, in the following sections.
We now go on to calculate the weak decay of the hypertriton in the Λd picture.
III. ND CHANNELS
The main contribution to the hypertriton lifetime for small Λ separation energy BΛ is expected
to come from the nucleon-deuteron channels, since in the limit of vanishing BΛ, all other channels
close. To be precise, we expect Γ
(
3
ΛH 7→ pi−/0 +N + d
) 7→ 0 in the limit BΛ 7→ 0, because the
outgoing states do not correspond to those of a free Λ decay plus a spectator deuteron. Therefore
we need to retrieve the free Λ width in the limit BΛ 7→ 0 from the Nd channels1. At leading order,
diagrams with and without a final state interaction between the decay nucleon and the deuteron
contribute, see also Fig. 6. We neglect pionic final state interactions, since the pions are Goldstone
bosons which interact weakly. Furthermore, all pionic scattering lengths, measured in pionic atoms
or calculated in HBχPT, are smaller than few percent of the inverse pion mass [40–45] and phase
shifts are still small at the relevant energies [46–48]. Recent calculations indicate that they may
change the result by up to 6− 9% of the free Λ width [25, 26]. However, this is beyond the leading
order accuracy of 25%. The final state interaction between the outgoing nucleon and deuteron is
described by the scattering amplitude for a shallow bound state with binding momentum γNd:
A (E) = 2pi
µNd
[
−γNd +
√
−2µNdE − i
]−1
, (10)
We tune γNd such that the correct
3He binding energy B3He with respect to the dp threshold is
reproduced. Utilizing the momentum δ function, the width ΓNd is given by
Γpd =2pi
∫ ∫
d3p
(2pi)3
d3k
(2pi)3
1
2ωk
1
2
∑
spins
∣∣M (3ΛH 7→ pipd)∣∣2
× δ
(
∆−BΛ − ωk − p
2
2Md
− (k + p)
2
2m
)
,
(11)
1 If the deuteron breakup is also included, decays into three nucleons contribute at threshold as well.
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Figure 6. Decay of the hypertriton into nucleon-deuteron channels. The amplitude A depicts the final state
interaction between the decay nucleon and the deuteron from Eq. (10).
with k the outgoing pion momentum and p the deuteron momentum. The invariant matrix element
is the sum of the diagrams in Fig. 6: M (3ΛH 7→ piNd) =MNd +MFSINd . It can be most easily seen
that the limit BΛ 7→ 0 is indeed fulfilled by neglecting the final state interaction for the moment.
The matrix element Mpd is then given by
Mpd (k,p) =
√
Z¯3
ΛH
(BΛ)SΛ
(
−BΛ − p
2
2Md
,−p
)
Wk, (12)
which is directly related to the normalization of the hypertriton wave function. Therefore the
expression given in Eq. (11) contains a so-called Dirac series in the limit BΛ 7→ 0 and hence
directly reduces to ΓpΛ.
Including now final state interactions and moving away from the limit BΛ 7→ 0 the scalar part
of the matrix element MFSIpd reads
SMFSIpd = i
∫
d4q
(2pi)4
SΛ (q0, q)Sd (−BΛ − q0,−q)Sp (∆ + q0 − ωk, q − k)︸ ︷︷ ︸
=Iq(k,BΛ)
×A
(
∆−BΛ − ωk − k
2
2M
)√
Z¯3
ΛH
(BΛ)Wk.
(13)
The energy shift in the amplitude A is due to the boost of the nucleon-deuteron system in the
hypertriton decay. M denotes here the total mass of the pd system.
Now we proceed to the evaluation of the integral Iq (k,BΛ). Due to the energy release at the
weak vertex, the nucleon propagator SN has up to two poles in the q loop momentum integration
depending on the angle between the outgoing pion momentum k and q. We end up with the
following expression
Iq (k,BΛ) =
2mµdΛ
k (2pi)2
∫
dq q ln
[
2mµdΛBΛ +mq
2 − 2µNdqk + µ
2
Nd
m k
2
2mµdΛBΛ +mq2 + 2µNdqk +
µ2Nd
m k
2
]
1
q + q¯
1
q − q¯ (14)
with q¯ =
1
m
√
µNd (−2m2 (BΛ + ωk −∆) + k2 (µNd −m)),
which can be evaluated utilizing the principal value method.
The evaluation of the phase space restricts the allowed momenta since the energy delta function
in Eq. (11) depends on the angle between k and p. Evaluating the angular integration between k
and p leaves two Heaviside step functions Θ behind, restricting the area of integration. The phase
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space reads
ρ (k, p) =
mkp
ωk
[
Θ
(
φ+ (k, p)
)−Θ (φ− (k, p))] with
φ± (k, p) =
k2
m
± 2kp
m
+
p2
µNd
+ 2 (BΛ + ωk −∆)
(15)
so that
Γpd =
1
(2pi)3
∫ ∫
dp dk ρ (k, p)
1
2
∑
spins
∣∣M (3ΛH 7→ pipd)∣∣2. (16)
For more details see App. A. We emphasize that the phase space integrals are evaluated exactly
and no closure approximation is assumed.
IV. HELIUM/TRITON CHANNEL
The second contribution to the hypertriton decay in our theory comes from decays into trinu-
cleon final states, i.e., 3He and 3H. As before we calculate the decay into 3He and a charged pion
and infer the neutral channel using the ∆I = 1/2 rule. Since we are neglecting pionic final state
interactions, there is only one diagram contributing to the width in this channel, which is depicted
in Fig. 7. As in the case for the free Λ, the outgoing momentum of the pion is fixed, therefore the
THyp 3He
Figure 7. Decay of the hypertriton into 3He and a charged pion. A similar diagram with an outgoing triton
exists in the neutral decay channel.
Γ3He phase space looks similar to the free one
Γ3He =
∫ ∫
d3p
(2pi)3
d3k
(2pi)3
1
2ωk
1
2
∑
spins
|M3He|2 (2pi)4 δ(3) (p+ k) δ
(
∆− ωk − p
2
2M3He
)
(17)
with ∆ = M3HΛ −M3He and p is now the momentum of the outgoing 3He nucleus. Z¯3He is the
3He wave function renormalization, constructed in a similar way to the hypertriton one. In fact we
can reuse the calculation for the phase space from the free Λ width together with the loop analysis
done before for the Nd case. We obtain
Γ3He =
G2FM
4
pi
pi
k¯M3He
M3He + ωk¯
Z¯3
ΛH
(BΛ)Z¯3He (B3He)
(
A2pi +
1
9
(
Bpi
MΛ +m
)2
k¯2
)∣∣Iq (k¯, BΛ)∣∣2. (18)
Using relativistic kinematics, the momentum of the outgoing pion is fixed to
k¯ =
√(
M23
ΛH
+M23He −M2pi
)2 − 4M23
ΛH
M23He
2M3
ΛH
. (19)
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V. RESULTS
A. Partial decay width and dependence on α−
α− Api Bpi
0.642 1.05996 −7.94169
0.721 1.03759 −9.11119
0.750 1.02789 −9.56708
Table I. Values for Api and Bpi for different α− and τΛ = 263.2 ps (see discussion in subsection II B).
In our calculation, we use the free Λ lifetime, τΛ = 263.2 ps, and the Λ decay parameter α− to
fix the values of the weak couplings Api and Bpi in Eq. (3). The corresponding couplings for different
input values of α− discussed in subsection II B are given in Table I. The remaining momentum
integrals in in the expressions for the widths, Eqs. (16) and (18), are evaluated numerically, ex-
ploiting the correlation between charged and uncharged decay channels from the ∆I = 1/2 rule to
obtain the full rate.
The importance of the Nd final state interaction in the hypertriton decay can be visualized
by plotting the differential rate
dΓpd
dk , where k is the final pion momentum for fixed BΛ. The
result for BΛ = 0.13 MeV is depicted in the left panel of Fig. 8. For small pion momenta the
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Figure 8. Left panel: logarithmic plot of the differential rate
dΓpd
dk for different values of α− indicated in the
legend at fixed Λ separation energy, BΛ = 0.13 MeV. Results including (excluding) final state interactions
are shown by solid (dashed) lines, respectively. The inset shows the small dependence on α−. Right panel:
relative contribution of the parity conserving (dashed lines) and parity violating part (solid lines) to the full
differential rate.
Nd final state interactions (solid lines) reduce the differential width by an order of magnitude
compared to the calculation without final state interactions (dashed lines). The new larger Λ
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decay parameter α− shifts the partial widths slightly upwards as shown in the inset of Fig. 8, but
the overall sensitivity is small. It is instructive to consider the parity conserving and violating
parts separately. Indeed, the 17% change in the decay parameter shifts the contribution of the
parity conserving part moderately, as indicated in the right panel of Fig. 8. The parity violating
part gives a smaller contribution over the full range of pion momenta k but shows roughly the
opposite behavior. Hence, although the relative contribution of the parity violating term and the
parity conserving term change moderately, their sum only changes slightly as seen in the left panel
of Fig. 8. This behavior is expected from the scaling behavior of Eqs. (16), (18) with Api and Bpi.
A similar trend is reflected in the partial widths discussed below.
B. Width results and comparison with theory and experiment
The results for the different partial widths are summarized in Fig. 9. The two prominent
experimental values for the Λ separation energy, BΛ = (0.13 ± 0.05) MeV [8] and BΛ = (0.41 ±
0.12± 0.11) MeV [9] are indicated by the shaded light (green) and dark (blue) rectangular areas,
respectively. The calculated partial widths and ratios are given by the shaded bands explained in
the legend. The bands cover the parameter space −0.750 ≤ α− ≤ −0.642. The 25% error of the
partial widths from the effective theory expansion is not included in the bands.
For very small BΛ the Nd channel dominates, since the allowed phase space for the decay into
a bound state is smaller and for BΛ 7→ 0 the decay into a trinucleon state is forbidden. As BΛ
increases, the decay into a trinucleon bound state becomes more and more dominant. Note that
for BΛ 7→ ∆ both partial decay widths go to zero as expected and the hypertriton becomes stable
against the weak decay, since the energy release at the weak vertex would be below the Λ separation
energy.
While the full hypertriton width Γ3HΛ does only moderately depend on BΛ, and the correlation
appears small, the partial widths show a strong dependence. As a consequence, the experimen-
tally measured ratio of the partial width into 3He divided by the partial width into 3He and pd,
Γ3He/ (Γ3He + Γpd), is also very sensitive to BΛ. Hence this quantity appears to be better suited
to determine BΛ indirectly than the total width [2].
The partial widths for the Λ separation energies BΛ = 0.13 MeV and BΛ = 0.41 MeV and
different values of are listed in Table II. All partial widths have an uncertainty of 25% from higher
orders in the EFT expansion. Standard error propagation leads to an absolute uncertainty of 0.09
in the ratio R = Γ3He/ (Γ3He + Γpd) given in the second last line of Table II. Our results with α
2018−
Observable BΛ = 0.13 MeV BΛ = 0.41 MeV
α− 0.642 0.721 0.750 0.642 0.721 0.750
(Γpd + Γnd) /ΓΛ 0.629 0.636 0.640 0.438 0.446 0.451
(Γ3He + Γ3H) /ΓΛ 0.387 0.371 0.364 0.574 0.550 0.538
Γ3
ΛH
/ΓΛ 1.016 1.007 1.003 1.012 0.994 0.989
Γ3He/ (Γ3He + Γpd) 0.362 0.368 0.365 0.563 0.551 0.544
τ3
ΛH
[ps] 259.1 261.4 262.4 259.9 264.8 266.1
Table II. Widths and lifetimes for two binding energies for three different α−. The results assume the
empirical isospin rule . The widths are given as a fraction of the Λ free width corresponding to τΛ = 263.2
ps. All lifetimes are given in ps. EFT uncertainties are discussed in the main text.
compare very well with the result obtained by Ref. [24]. Note that the peak of the differential
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Figure 9. Partial decay widths Γi in units of the free Λ width ΓΛ as a function of the Λ separation energy
BΛ. The ratio Γ3He/ (Γ3He + Γpd) is also shown. The bands show the uncertainty from the Λ weak decay
parameter α−. The experimental values BΛ = (0.13 ± 0.05) MeV[8] and BΛ = (0.41 ± 0.12 ± 0.11) MeV
[9] are indicated by the shaded light (green) and dark (blue) rectangular areas, respectively. The EFT
uncertainties are discussed in the main text.
.
decay width is slightly shifted due to the different particle thresholds. Considering only the phase
space it seems reasonable that the width is decreasing for larger BΛ since the available phase
space gets smaller. The result obtained by Congleton [2] is in agreement with the ratio R, which
was measured before [16, 18, 20, 27]. However, the total width is about 13% higher. Although
the decay constant changes by up to 17% compared to the old value α2018− , the impact on the
decay rates is much smaller for small binding energies BΛ. While the change of the partial decay
width is in the order of a few percent, the total width changes barely at all. We note that the
Coulomb interaction is not included explicitly in this calculation, which might shift the lifetime in
the charged channel. However, part of the Coulomb interaction is included implicitly due to the
tuning of γNd to reproduce the correct trinucleon binding energy (see Eq. (10)). Our calculation
supports the picture that for small BΛ the lifetime of the hypertriton is mainly determined by the
free Λ lifetime with some small corrections.
The results of this work compare differently to the recent heavy ion collision experiments. Our
results for low binding energy BΛ lie within the error bars of the value close to the free Λ width [14],
while other measurements tend to lie lower [10–13]. Despite giving values for the lifetime within
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a large range 60 − 400 ps (see also Fig. 2), older emulsion experiments give relatively consistent
experimental values for the branching ratio R = Γ3He/ (Γ3He + Γpd) ranging from R = 0.30±0.07 to
0.39±0.07 [16, 18, 20, 27]. Both values are in agreement with our value R|BΛ=0.13 MeV = 0.37±0.09
for BΛ = 0.13 MeV, while the ratio R|BΛ=0.41 MeV = 0.55 ± 0.09 comes out much larger, see
also Table II. Further on, this value is larger than the value of RSTAR = 0.32 ± 0.05 ± 0.08
reported by STAR [13]. Requiring consistency with the experimental R values, our calculation
thus favors smaller binding energies up to BΛ = 0.20 MeV. Taking into account the uncertainty
in our calculation and the experimental errors for R, however, the recent STAR result BΛ =
0.41± 0.12± 0.11 MeV [9] cannot be excluded.
C. Effects of isospin splitting
A discussed above, we have explicitly calculated the charged pion channels and estimated the
neutral pion channels by applying the empirical ∆I = 1/2 rule. We used an average nucleon
mass, the charged pion mass Mpi− = 139.57 MeV and neglected the Coulomb repulsion between
the deuteron and the proton. To estimate the accuracy of this approximation, we also calculated
the neutral channels explicitly using the neutral pion mass and the triton binding energy as input.
The latter leads to a change in the final state trinucleon binding momentum γNd in Eq. (10) of
about 10%. This change, however, is absorbed completely by kinematic changes and differences in
the masses. Overall, we obtain a shift by 1% upwards for the sum of the channels decaying into a
deuteron, while the the width for decay into the trinucleon bound states goes down by about 2%.
Hence the correction to the total width is negligibly small (< 0.1%). The ratio R moves up by
4%, resulting in R = 0.38. This shift is significantly smaller than the estimated uncertainty of our
leading order calculation.
VI. SUMMARY AND OUTLOOK
In this work, we have investigated the dependence of the hypertriton lifetime on the Λ separation
energy with an pionless EFT with deuteron, nucleon, and Λ degrees of freedom. The validity of
such a picture for the low-energy structure of the hypertriton was justified in a recent investigation
of the hypertriton structure and matter radii [5], where a three-body framework with pnΛ and a
two-body framework with Λd degrees of freedom were compared in the context of pionless EFT.
The EFT framework allows us to vary the Λ separation energy while keeping all other low-energy
constants constant. The uncertainty in the partial widths from higher-order contributions in the
Λd picture is estimated to be of order 25%. It can be reduced by going beyond the leading order
in the EFT expansion.
We focus on the dominant hadronic decay channels with piNd and pi-trinucleon final states.
These channels make up 97.4% of the total width of the hypertriton [24] and thus provide the key
to understanding the hypertriton lifetime puzzle. We explicitly calculate the decay channels with
neutral pions in the final state, evaluating all phase space intergrals exactly. The ∆I = 1/2 rule
allows us to obtain the full decay rate by relating the charged and uncharged channels. An explicit
calculation of the charged channels neglecting the Coulomb interactions in the final state indicates
that the corrections to the ∆I = 1/2 rule are indeed small. Preliminary results of our work were
presented in Ref. [37].
We find agreement with an earlier calculation by Kamada et al. in a three-body Faddeev
approach in the isospin symmetry limit using realistic Hyperon-Nucleon potentials [24]. Moreover,
the calculation of Congleton [2], who used a Λd picture in the closure approximation, differs by
10% which is well within the EFT uncertainties. We also investigate the impact of recent changes
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in the weak decay parameter α−, correcting the previous value by 15% [35, 36]. While there are
moderate changes in the parity conserving and parity violating contributions, the change in the
total rate is small.
For the commonly accepted value of the Λ separation energy, BΛ = (0.13 ± 0.05) MeV [8], we
find the hypertriton width Γ3
ΛH
= (1.003...1.016)ΓΛ, depending on the input value for α−, to be
close to the free Λ width. Varying BΛ between zero and 2 MeV, the width increases first and
then decreases, reaching 90% of the free Λ width at BΛ = 2 MeV. This increase is due to the
opening of additional decay channels for the hypertriton compared to the free Λ decay, but the
width eventually has to go down due to the decreasing phase space as BΛ increases, eventually
vanishing as BΛ approaches ∆ − Mpi. For physically reasonable values of BΛ, the lifetime of
the hypertriton is not very sensitive to BΛ. However the partial widths and the experimentally
measured branching ratio R = Γ3He/ (Γ3He + Γpd) depend strongly on the Λ separation energy.
Our result of R|BΛ=0.13 MeV = 0.37 ± 0.09 is consistent with the experimental measurements of
R [13, 16, 18, 20, 27], which favor small Λ separation energies, BΛ ≤ 0.20 MeV. The result for R
at the recent STAR value BΛ = 0.41 ± 0.12 ± 0.11 MeV [9], R|BΛ=0.41 MeV = 0.55 ± 0.09, comes
out significantly higher. Moreover, this value is significantly larger than the value of RSTAR =
0.32± 0.05± 0.08 reported by the STAR collaboration [13]. Taking into account the experimental
errors and the uncertainty from higher orders in our calculation, we can not exclude the STAR
result BΛ = 0.41± 0.12± 0.11 MeV [9] but there is some tension.
An investigation similar in spirit to ours was carried out by Pe´rez-Obiol et al. [26]. They
calculated the width for decay into a charged pion and 3He using NCSM wave functions for the
hypertriton and the helion, including final state interactions. Using the ∆I = 1/2 rule and the
experimental value for R as input, they determined the full hypertriton width. Varying the Λ
separation energy by adjusting the ultraviolet cutoff in the NCSM calculation, they calculated
the width for different values of BΛ, although the calculations were not fully converged for all
considered values of BΛ. Their calculation suggests that the STAR values for BΛ and R are fully
consistent with each other. The slight tension between our calculation and Ref. [26] requires further
study, especially regarding the different dynamical inputs and strategies in the calculations.
In the EFT calulation, this requires the inclusion of higher orders. The first correction would
come from the Λd effective range which can be taken from Ref. [5]. In order to calculate the
contribution from the deuteron breakup channel a four-body calculation of the hypertriton decay
with pnΛpi degrees of freedom is required. According to Refs. [25, 26] pionic final state interactions
could affect the width at the 10% level which would also be relevant at next-to-leading order. Here
it might be easier to return to a theory with a fundamental deuteron to reduce complexity.
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Appendix A: Calculation details
In order to evaluate the loop integral given in Eq. (13), we perform the q0 integration with the
means of standard contour integration resulting in an integral containing two factors
Iq (k,BΛ) =
∫
d3q
(2pi)3
[
−BΛ − q
2
2µdΛ
]−1 [
∆−BΛ − ωk − q
2
2md
− (q − k)
2
2m
]−1
. (A1)
Due to the positive energy ∆ and the dependence on q · k the second term has a complex pole
structure with up to two poles, which can in principle fall on top of each other, depending on the
angle between the loop momentum q and the external momentum of the pion k. In contrast, the
first term is always negative, and therefore never develops a pole. Hence it is adroit to shift the
angular dependence to the first term, leading to
Iq (k,BΛ) =
∫
d3q
(2pi)3
[
−BΛ − q
2
2µdΛ
− µNdq · k
mµdΛ
− µ
2
Nd
2m2µdΛ
k2
]−1
×
[
∆−BΛ − ωk − q
2
2µNd
+
µk2
2m2
− k
2
2m
]−1
.
(A2)
The angular integration can now be done independently of the second propagator and one obtains
Eq. (14).
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